sults: Three path models evaluated whether dyadic affective displays were primarily mother driven, infant driven, or bidirectional in nature, adjusting for mothers' maltreatment severity and postpartum psychopathology. The bidirectional model had the best fit. Child maltreatment severity predicted depression and PTSD symptoms, and maternal symptoms predicted affective displays (both positive and negative), but the pattern differed for depressive symptoms compared to PTSD symptoms. Emotional valence and task altered the nature of bidirectional affective displays.
Introduction
Emotional expressions are a primary way by which parents and infants communicate, and the manner in which parents and infants exchange and share emotions during social interactions is critical for the quality of their dynamic communication [1] . Infants' discrete displays of emotions communicate important information about their changing states and goals to parents and elicit parental behaviors that help organize infants' arousal and behavior [2] . Furthermore, parents' sensitive, contingent reactions to infants' emotional displays scaffold infants' emerging self-regulatory abilities to manage their emotions and behaviors [3] [4] [5] . As maturation proceeds, the child moves from primary coregulation through parent-infant affective exchanges to increased self-regulation, and thus the quality of the early parent-infant affective exchanges is often understood to lay a foundation for the quality of subsequent child social, emotional, and psychological self-regulation [4, 6] . Given the importance of dyadic affective exchanges in early infancy for healthy child development, a principal aim of this study is to better understand the nature of these affective exchanges between mothers and their infants.
We take two primary approaches to understanding these early mother-infant emotional exchanges. Firstly, we examine mother-infant dyadic affective exchanges with a focus on the role of maternal psychological vulnerability, as this may interfere with the mother's ability to effectively 'decode' the infant's emotional signaling and prevent her from responding sensitively, potentially undermining healthy child development of emotional self-regulation. We further examine the influence of maternal maltreatment severity on maternal psychopathology. We therefore investigate mother-infant affective exchanges in mothers accounting for childhood maltreatment severity and postpartum psychopathology (depression and posttraumatic stress disorder, PTSD, symptoms). Secondly, responsive to prior research that has identified the possibility of child-, parent-, and bidirectional-driven effects in mother-infant emotional exchanges, in the current study we directly examine both unidirectional and bidirectional effects in our sample rather than simply relying on unidirectional (typically mother-driven) models.
History of Childhood Maltreatment and Postpartum Psychopathology
The postpartum period may be a particularly relevant time to study vulnerable mothers, given that it is a time of transition and heightened risk for mental health difficulties [7, 8] , particularly for those with previous trauma exposure [9] . Mothers who have experienced childhood maltreatment are more likely than mothers without maltreatment histories to be at risk for postpartum depression and PTSD symptoms [10] [11] [12] , and their infants are more likely to show less optimal behavioral and biological (cortisol) stress regulation [13] . While genetic and epigenetic factors may account for part of this intergenerational transmission [14] , it is also possible that alteration in mother-infant affective exchanges during postpartum contribute to such outcomes. In support of this assumption are findings that a constricted range of maternal affectivity, as often manifest in mothers with high levels of depressive symptomology, undermines sensitive responsiveness to the infant affective bids [13] . However, far less is known about associations with mothers' childhood maltreatment severity and/or PTSD.
Dyadic Bidirectional Exchanges of Emotional Displays
The active role of infants in affective exchanges seems supported by the fact that infants as young as 6 months can discriminate positive and negative facial expressions and can utilize such emotional displays from others to help them interpret and react to ambiguous situations by 12 months of age [15] . The mutual regulation model of Tronick [1] proposes that coordinated affective states between a mother and her infant are associated with more positive affect during the interaction, whereas lack of interactive coordination is associated with more negative affect. Consistently, research suggests that mother-infant bidirectional (shared) positive affectivity may be more beneficial for child well-being than a mother's unidirectional positive affective displays alone [6, 16] .
Given the relational context within which young infants learn about emotional displays and regulation [17] , the postpartum period is particularly critical for the establishment of affective communication patterns within the mother-infant dyad. It is conceivable that infants of mothers with depression and/or PTSD symp-toms may 'mirror' their mother's altered affective exchanges and similarly display altered emotionality during exchanges [18, 19] , contributing to perturbed bidirectional exchanges. Thus, we thought it particularly important to study the nature of these bidirectional affective exchanges between mothers and infants in a sample of mothers with high rates of childhood maltreatment and postpartum symptomology.
Importantly, because the context of interactional exchange may affect the nature of displays and effects, in the present study we utilize both a low-challenge, unstructured free play interaction as well as a higher-challenge, structured interactive task, the 'Still-Face paradigm' (SFP) [20] . The SFP has been widely utilized both in healthy mothers and mothers with depression [19, 21] , and in a smaller number of studies with mothers with PTSD [18, 22] , and overall is a valid measure to tap into interactive affective exchanges [23] . Further, research has documented that infant and mother behavior varies by the type of interactive task and that more challenging tasks tend to pull for more individual differences in behavior as well as more negative maternal behaviors [24] .
In summary, the present paper extends prior work by examining maternal and infant displays of positive and negative affect during social interactions, both concurrently and prospectively, across four interactive episodes at 6 months postpartum, in a sample of mothers with heightened risk due to childhood adversity and current symptomology (depression and PTSD symptoms concurrently).
Our first and main aim was to determine whether the positive or negative affective exchanges between a mother and her infant are primarily 'driven' by the mother or by the infant, or whether they are best characterized as 'bidirectional.' Based on prior research [1, 16] , we hypothesized that the bidirectional models would better explain affective displays between mothers and infants compared to either mother-or child-driven models. Our second aim was to explore the impact of childhood maltreatment history on maternal postpartum symptoms of depression and PTSD. We hypothesized that childhood maltreatment severity would be positively related to postpartum depression and PTSD symptoms. Our third aim was to examine the effect of mothers' concurrent symptoms of postpartum depression and PTSD on maternal affective displays. Based on research documenting a positive relation between maternal depression and negative affect (and the inverse for positive affect) [25] , we hypothesized that maternal depressive symptoms would predict a higher negative and lower positive affect. Given the paucity of prior research, we did not pose an a priori hypothesis for mothers' PTSD symptoms on maternal affective displays. Our fourth aim was to examine the effects of dyadic emotional valence (positive vs. negative) and task (free play vs. a stress-inducing task) on dyadic affective displays. Here we hypothesized, based on the mutual regulation model [1] , that affective coordination (frequency of significant compared to nonsignificant relations between mother-infant same valence affect) would be stronger for positive than for negative dyadic emotional valence. Regarding task effects on dyadic affective exchanges, we hypothesized that the more stressful task (SFP) would result in a stronger dyadic negative affect than the less stressful (free play) task [24] .
Method

Participants
Analyses were based on data collected for 192 mother-infant dyads (51% male infants) who completed the 6-month home visit in a larger ongoing longitudinal project (n = 268), Maternal Anxiety during the Childbearing Years (MACY study, NIMH MH080147). The goal of the MACY project was to evaluate the effects of mothers' childhood maltreatment histories on mothers' postpartum adaptation, parenting, and child outcomes. Mothers were recruited in two ways: (1) completion of a prior study examining PTSD on childbearing experiences [26] , or (2) via community advertisements [22] . Eligible mothers had to be at least 18 years old at intake, English-speaking, and pregnant or within 6 months postpartum. Exclusion criteria included a history of or current schizophrenia or bipolar disorder or current substance abuse.
Mothers' sociodemographic characteristics varied in the current study, with 137 (69%) mothers having a childhood maltreatment history. At intake, the average age of the mothers was 28.88 ± 5.66 years (range = 18-45), and 14.69% had achieved a high school education level or less, 23.9% were unpartnered, and 19.6% had an annual income below the federal poverty line. Mothers also varied in race/ethnicity: 59% were Caucasian, 22% were African American, and 13% were from another ethnic minority group. All infants were born full term and without developmental or medical problems. The 192 participants who completed the 6-month home visit differed significantly from the 76 nonparticipants from the larger sample (n = 268) on income (participants > nonparticipants) and race (participants were more likely to be Caucasian than nonparticipants). There were no differences on maternal age, education, or infant sex. Reasons for dropout included could not be contacted (86%), not interested (12%), or moved away (4%).
Procedure
All procedures were IRB approved. The present study used data from the 6-month home visit. At this visit, mothers provided written consent, completed interviews and questionnaires, and underwent the interactive tasks, which were videotaped for later coding.
Measures
The Childhood Trauma Questionnaire (CTQ) [27] was used to evaluate maltreatment severity. This 28-item measure was administered at the 4-month phone interview using a 5-point Likert scale ranging from 1 (never true) to 5 (very often true; range 5-140), with higher total scores indicating greater severity of mothers' childhood trauma exposure.
The Postpartum Depression Screening Scale. The Postpartum Depression Screening Scale (PPDS) [28] total score was used to assess mothers' current level of depressive symptoms (α = 0.96). Though we used the total symptom score in the present study, it should be noted that 17% of women exceeded the clinical cutoff score of 80 or higher.
The National Women's Study PTSD Module. The National Women's Study PTSD (NWS-PTSD) module [29] total symptom score was used to assess mothers' level of current PTSD symptoms (α = 0.85). Though we used the total symptom score in the present study, it should be noted that 22% of women exceeded the clinical criteria for PTSD. Of note, PTSD was measured according to DSM-IV [30] criteria using data gathered via the civilian version of the NWS-PTSD module [29] . The NWS-PTSD module has been validated against a gold-standard semistructured diagnostic interview (SCID) and shown to have good sensitivity (0.99) and specificity (0.79) to detect PTSD diagnosis [29] . The correlation between depressive symptoms and PTSD symptoms in the present study ( r = 0. 57) is similar to that found in other studies and consistent with other research that focuses on postpartum symptomology in women with trauma histories (e.g. r = 0.80, r = 0.57) [31, 32] .
Observed Maternal and Infant Affective Displays. Mother-infant dyads were videotaped during two contrasting social interaction tasks: a 10-min free play and the SFP. During the free play, mothers played with their infants as they usually would do using a standard set of toys provided by the research team. Afterwards the dyad underwent the SFP [20] , a structured interactive task consisting of three successive 2-min episodes: 'normal' play (baseline play), a maternal still-face episode, and a reengagement period [see 22 for complete description]. During the still-face episode, infants typically exhibit an increase in negative affect and a decrease in positive affect, whereas during the reunion, infants demonstrate a carryover of negative affect and a rebound of positive affect [23] .
Videotaped interactions were independently coded for maternal and infant positive and negative affect using 5-point Likert ratings from the MACY infant-parent coding system [3, 22, 31, 33] . For each code, there was a possible range from 1 to 5, with 1 indicating no affect of a given valence (positive or negative) and 5 indicating high levels of affect (positive or negative). All codes include vocal, facial, and behavioral indices of affect. Positive affect codes were on a graduated scale: no positive affect (1), some positive affect (2), enthusiasm (3), and much enthusiasm/joy (5). Each end refers to the degree and intensity of the individual's pleasure and enjoyment of the interaction as indicated by things such as smiling, laughing, clapping, and/or positive vocal tone. Negative affect codes were on a graduated scale from neither flat nor negative affect (1) to much negative affect (5) . The points of the scale differentiate sad, wistful, or blank gazing facial responses, and flat, monotone, slowed, and/or mechanical types of vocal expression and speech.
For scoring purposes, the 10-min free play context was divided into two 5-min intervals (free play 1 and free play 2). The two free play contexts and the baseline SFP play and SFP reunion were each coded separately, resulting in 4 positive affect and 4 negative affect scores for each mother and infant. The still-face episode of the SFP was not scored due to constraints on maternal affect. All coders were masked to maternal trauma severity, psychopathology, and the study's hypotheses. Intercoder reliability was excellent (see table 1 ) as assessed via intraclass correlations of 40 randomly chosen double-coded dyads. Further, correlations in this study (see table 1 ) and other studies using these codes [see 22 , 34 ] indicate that the codes relate to other variables in the expected direction.
Data Analysis
Univariate and bivariate statistics were completed first on the study variables (see table 1 ). Given our interest in examining whether mother-infant affective exchanges were bidirectional in nature or whether they were driven by infant or mother, we compared six path models (three for positive affect and three for negative affect) using Mplus v.7.11, with the maximum likelihood estimation method (program copyright Muthén and Muthén, 1998-2014). Three models were run. Model 1 tells us the bidirectional relationship between maternal and infant affect. The direct pathways are designated as follows: (1) the relationship between maternal maltreatment severity and PTSD and depression symptoms; (2) the relationship between maternal PTSD and depression symptoms; (3) the relationship between maternal depression symptoms and maternal affect (at all time points) while controlling for PTSD symptoms; (4) the relationship between maternal PTSD symptoms and maternal affect (at all time points) while controlling for depression symptoms, and (5) the relationship between maternal and infant affect and the directionality of the relationship (influences each other/bidirectional). Model 2 tells us the relationship of variables in an infant-driven model: pathways 1-4 are the same as in model 1 and pathway 5 -the relationship between maternal and infant affect and the directionality of the relationship (infant predicting mother). Model 3 tells us the relationships in the maternaldriven model: pathways 1-4 are the same as model 1 and pathway 5 -the relationship between maternal and infant affect and the directionality of the relationship (mother predicting infant). Models 1-3 were run separately for positive and negative affect (see fig. 1 ). Nonhierarchical model comparison [35] was used to identify the model that best represented the data. Model fit was assessed using the root mean square error of approximation with 90% confidence intervals (<0.08 reasonable fit), comparative fit indices (>0.95 good fit), and standardized root mean square residual (<0.10 favorable) [31] . If multiple models were determined to have adequate fit based on the aforementioned criteria, then model comparisons were conducted using the lowest Akaike information criterion and the Bayesian information criterion [31] . Finally, multiple imputation with five data sets was used and is an appropriate estimation procedure for missing data [36] .
Results
Descriptive Statistics
All variables were screened for normality, outliers, and multicollinearity; however, Kline [35] (2011) indicates that estimation models in path analyses are robust. Ex- Correlations between primary study variables and means ± SDs and intraclass correlations for maternal and infant affect table 1 for associations).
Positive Affect
Statistics for the positive affect path models are displayed in table 2 . Model 1 (bidirectional) and model 2 (infant driven) each had a good fit, but model 3 (mother driven) did not. Results of model comparisons indicated that model 1 had the best fit and was thus selected. Model 1 results (displayed in fig. 2 ) show that childhood maltreatment severity was positively associated with maternal PTSD and depression symptoms, and that PTSD and depressive symptoms were significantly positively related. In turn, both PTSD and depression predicted mothers' positive affect during the baseline free play episode, yet in opposite directions (depression was negatively related and PTSD positively). Across all other episodes, maternal symptomology was unrelated to maternal positive affect. Finally, maternal and infant positive affect was significantly, positively correlated across all episodes except the 2nd free play; the magnitude of association was modest ( r = 0.22) during baseline free play, higher during baseline play of the SFP (r = 0.49), and strongest during reunion ( r = 0.55; see fig. 2 ). In sum, the interactions between mother and infant were bidirectional and increas- RMSEA = Root mean square error of approximation; CFI = comparative fit indices; SRMR = standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; model 1 = bidirectional; model 2 = infant driven; model 3 = mother driven; + = best fitting model. * p < 0.05, ** p < 0.01, *** p < 0.00. ing in magnitude across the tasks, with depression and PTSD differentially predicting maternal positive affect during the initial play session. Moreover, childhood maltreatment severity predicted both depression and PTSD symptoms.
Negative Affect Models 1, 2, and 3 each had a good fit to the data (see table 2 ); however, based on model comparison indices, model 1 was the best fitting model. Model 1 resembles prior described associations for positive affect between maltreatment severity, PTSD, and depression. Maternal symptomology was unrelated to negative affect across all episodes, with the exception of maternal PTSD symptoms which were negatively related to maternal negative affect during the baseline free play episode ( fig. 3 ). Maternal and infant negative affect were only related during the reunion episode ( r = 0.18). In sum, the interactions between mother and infant were bidirectional; however, only PTSD predicted maternal negative affect, and maternal infant affect varied by task. It is notable that in all models, the χ 2 indices were significant, which suggests the model does not reproduce the data. However, according to Kline [35] (2011) the χ 2 indices are fundamentally flawed, and the model may not capture the information in the implied correlations. Thus, McDonald and Ho [37] (2002) recommend examining the model-implied correlations or standardized residuals to more accurately understand the model fit. A suggested cutoff of 1.96 was used to determine the number of residuals that were beyond the critical value. In model 1 positive affect, 7 out of 66 residuals were above the threshold, suggesting the model is a good fitting model. The same process was completed for model 1 of negative affect, which identified 2 of 66 residuals above the threshold, again suggesting a good fitting model. Additionally, the above analyses were run with the 137 participants who endorsed a history of childhood maltreatment (and excluded the 55 participants who did not experience maltreatment during childhood), and similar results were obtained; therefore, the sample including all 192 participants was retained for greater power.
Discussion
The goal of this study was to examine the dyadic bidirectional exchange of observed maternal and infant positive and negative emotional displays across two social interaction tasks in mothers accounting for maternal childhood maltreatment severity and symptoms of postpartum psychopathology. Overall, we found support that affective exchanges between mothers and their 6-month-old infants are bidirectional; that is, maternal and infant affective influences are reciprocal, and the strength of this bidirectional relationship varies by task and emotional valence. Overall, mother-infant bidirectional associations were stronger for positive affect and present across both low-and high-stress interactive exchanges, with strongest association during the reunion period after the still-face episode. By contrast, bidirectional association for negative affect held up only for the high-stress task: the reunion episode.
Our bidirectional findings are consistent with the mutual regulation model that suggests that more dyadic affective coordination (coordination in our study was reflected by strength of relation between mother-infant same valence affect) contributes to more interactive positive affect [1] . There were fewer significant relations between mother-infant negative affect compared to positive affect. Of note, mean levels of negative affect were lower than positive, so it may have also been the case that low levels of negative affect were less 'contagious.' In contrast, when negative affect is high, such as in the SFP reunion, 'mirroring' occurs for both dyadic partners. From an evolutionary perspective, warmth in parent-child relationships promotes relational cohesion and motivates behavior through creating an intrinsically rewarding affective system [38] -perhaps suggesting an evolutionary advantage of 'contagious' positive affect. In support of this assumption is prior work demonstrating that greater positive affect in infancy is linked with better emotional and behavioral outcomes 2 years later [6] and that greater positive versus negative infant affect in the SFP is linked with better child regulation [5] . Furthermore, the pattern of greatest affective synchrony following high stress exposure (the maternal still-face episode) indicates that more stress may increase reciprocal dyadic coordination wherein mother and infant's reactions shape the responsiveness of the other. This finding is also consistent with past research showing that maternal and infant behavior during stressful tasks tends to have greater variability, and stressful tasks may pull for more negative parenting behaviors compared to benign tasks [24] . Thus, our findings confirm prior research on mother-infant mutual coregulation of emotional displays [1, 16] , with strongest coregulation following high stress [39] .
Our work extends prior reports by examining this dyadic emotional coregulation in a sample of at-risk mothers based on their childhood maltreatment severity and/ or their concurrent symptoms of postpartum psychopathology. We found that depression and PTSD symptoms differentially impacted mother affective displays. As expected and consistent with others [16] , depressive symptoms predicted lower maternal positive affect, but contrary to our expectations, PTSD symptoms predicted lower maternal negative affect and higher maternal positive affect. Finally, maltreatment severity positively predicted concurrent depression and PTSD symptoms.
Our results offer a message of risk as well as resilience. The findings suggestive of resilience are that maltreat-ment severity predicted postpartum PTSD symptoms, and PTSD symptoms were related to more adaptive maternal affective displays in the initial interactions (lower negative/higher positive affect). This finding may initially seem counterintuitive, yet may reflect the nature of PTSD versus depression symptoms. Specifically, by definition, depression involves relatively stable depressed mood across time, whereas PTSD symptoms may be prone to wax and wane based on context and trauma triggers. Perhaps our interactive tasks may not have been perceived as too threatening, and thus deleterious PTSD symptoms such as dissociation and anger may not have been activated during the interactions. Assuming our task was not triggering, then it may have been that PTSD symptoms were not activated and therefore did not interfere with 'positive' parenting. Regarding the positive association between PTSD symptoms and maternal positive affect, it may be that hyperarousal and anxiety associated with PTSD make mothers more sensitive to the social desirability effect, and thus they worked harder than other mothers to 'appear' happy, thus showing elevated levels of positive affect. Conversely, anecdotally based on clinical experience, mothers with trauma histories share their wish to provide a better childhood for their babies than the childhood they experienced, suggesting that trauma survivor mothers may intentionally exaggerate positive affect in an attempt to create a warm and nurturing experience for their babies. The limited research in this arena highlights the importance of further work on posttraumatic growth (positive change experienced as the result of surviving something traumatic) in trauma survivor mothers and how this may impact parenting behaviors. We believe our findings suggest that PTSD symptoms do not 'doom' one to negative parenting practices and view this as an important area for future research. Our results are strengthened by the fact that we accounted for symptom comorbidity which allowed us to test PTSD's predictions to maternal affect, even after controlling for maternal depression.
Our study is not without limitations. While our results are strengthened by the use of observational paradigms, future research would benefit from adding psychophysiological assessment to provide a more comprehensive picture of emotional reactivity in mother and child. Similarly, future studies would also benefit from a replication with a larger data set to be able to model the impact of various moderators (including diagnoses of depression, PTSD, comorbidity, or no diagnoses, mothers with and without childhood maltreatment, and infant temperament) on the described effects. Further, although we used standardized and validated diagnostic tools, we acknowledge the limitations of relying solely on maternal report of symptoms rather than clinician-made diagnoses. Lastly, the path analyses had significant χ 2 indices, which suggest sources of misfit and that the models were not perfect. However, to more accurately understand the sources of misfit, we examined residuals as proposed by scholars in this field and found adequate model fit. Future analyses utilizing a larger sample size may additionally address such sources of misfit.
This study has translational relevance as it provides empirical support for bidirectionality in emotional displays as early as 6 months even among mother-infant dyads where the mothers suffer depression and/or PTSD symptoms. Our findings highlight the need for screening of postpartum symptoms, particularly among women with maltreatment histories. Furthermore, we deliver a message of hope, suggesting that childhood maltreatment severity or the presence of PTSD symptoms do not automatically lead to negative affective exchanges between a mother and her infant. Clinically, our results substantiate the observations of mothers and clinicians that dyadic affect is a two-way street -both mother and baby are active agents in that process. We believe our findings validate and empower mothers, especially those working hard to overcome the hardships of childhood maltreatment and postpartum psychopathology.
